Anorganic bone is prepared from bovine bone by chelation with ethylene diamine to remove the organic matrix.' The remaining mineral is maintained in the original bone organ form. The cortex and cancellous portions may easily be cut with a sharp knife into any desired shape; also, it may be prepared into smaller granules of any desired mesh.
Anorganic bone is prepared from bovine bone by chelation with ethylene diamine to remove the organic matrix.' The remaining mineral is maintained in the original bone organ form. The cortex and cancellous portions may easily be cut with a sharp knife into any desired shape; also, it may be prepared into smaller granules of any desired mesh.
Anorganic bone, either cancellous or cortical, in large pieces or granules, has been implanted in intra-bony sites both in experimental animals and in humans. It was reported that bone tissue accepted favorably implants of anorganic bone.2 Histologic studies have shown that anorganic bone serves as a nidus for bone apposition. Inferences have been made of the osteoblast-inducing properties of anorganic bone. In addition, anorganic bone has been reported to be removed by osteoclastic resorption.2 In one study, anorganic bone was implanted in the soft tissue of the abdominal wall in dogs. After 6 months the implant disappeared-presumably, it had been resorbed. 4 The fate of the implants of anorganic bone is not entirely clear. There is the question of the inherent ability of anorganic bone to induce osteoblast production in connective tissue. For example, can anorganic bone induce the production of osteoblasts in the subcutaneous connective tissue? Another question concerns the osteoclastic resorption of anorganic bone. Do osteoclasts resorb bone free of organic matrix? It is generally believed that osteoclasts remove the organic matrix.5 The mineral element is liberated into the tissue fluid. Moreover, can anorganic bone induce osteoclast production in non-bony connective tissue?
Histologic studies of anorganic bone implants were done with decalcified specimens. As anorganic bone is essentially mineral, the fate of this component is not known. Implants should be studied in the undecalcified state.
The fact that anorganic bone retains its bone organ form following chelation suggests two questions: Is the mineral component bound only by molecular crystalline continuity? Is there a residual mucopolysaccharide matrix binding the mineral component of anorganic bone?
To answer some of the above questions regarding the fate of anorganic bone, subcutaneous implants were studied in the undecalcified state.
Forty-mesh, sterile, anorganic bone* was implanted subcutaneously in the interscapular area of forty male albino mice. Under sterile conditions, a small, 1-cm. incision was made; the loose tissue was elevated and the bone implanted about 1 cm. distal to the line of incision. Boiled beef-bone spicules and spicules of fresh isologous rib bone, approximately 40 mesh, implanted subcutaneously by a similar procedure served as local controls. The incision was closed by interrupted 000 silk sutures. Four mice were sacrificed at intervals as follows: 24, 36, 72 hours; 1 week; 1 month; 2, 3, 4, 5, and 6 months.
The skin of the implant site was excised in-block and fixed in 10 per cent formalin.
The tissue was subsequently imbedded in paraffin and sectioned at 6 It. The sections were stained for phosphate and carbonates of calcium by the method of von Kossa; for mucopolysaccharide by the P.A.S. reaction modified by Coleman; and for routine examination by hematoxylin and eosin.
RESULTS
Connective-tissue reaction.-The subcutaneous tissue reactions to the implants of anorganic bone, heterologous bone, and isologous bone were similar. At 3 days, a connective tissue capsule was formed around each of the implants. The capsule was highly cellular, containing many young fibroblasts, histiocytes, and thin-walled capillaries. A syncytium of histiocytes was always found immediately adjacent to the surface of, and completely surrounded, each implant. A few delicate fibrils were seen between the fibroblasts of the capsule. The only differences in the connective tissue reactions were the presence of polymorphonuclear leukocytes in moderate numbers in the heterologous bone implant and in small numbers in the isologous bone and the anorganic bone implant capsules. These findings characterized the implants through the first week.
Little change occurred in the capsule during the first, second, and third months. There was some reduction in the cellularity of the capsule with maturation, characterized by increased collagenization and reduction in vascularity. Histiocytes, resembling foreign-body giant cells, still surrounded the surface of each implant. There was also a reduction of the polymorphonuclear leukocyte infiltration. Howship lacunae with giant cells were found on the isologous bone.
The capsule continued its maturation by increased collagenization and reduction in cellularity and vascularity during the fourth, fifth, and six months. At 6 months, the capsule was well collagenized. The polymorphonuclear leukocyte infiltration of the capsule was only slight in the heterologous bone and was absent in anorganic bone and isologous mouse bone. Also, the syncytium of histiocytes and foreign-body-type giant cells persisted on the surface of the implants. Rarely, Howship lacunae structures were observed on the isologous bone implant surfaces.
Reaction of the implant.-The matrix of anorganic bone, heterologous bone, and isologous bone contained mucpolysaccharide, as seen in sections stained by the P.A.S. method. In fact, this was seen in sections of all specimens examined throughout the investigation.
In sections stained by the von Kossa method for calcium, all the implants stained a * Anorganic bone was made available through the courtesy of Armour Laboratories, Chicago, Illinois. uniform black. At 3 days, anorganic bone appeared as dense black clumps, particles, and granules. The grandules represented the "dust" of the soft anorganic bone at the time of implantation (Fig. 1) . The heterologous bone and isologous bone appeared as black spicules of lamellated bone tissue.
In sections of anorganic bone implanted for 1, 2, and 3 months, the dust particles were lost, and the anorganic bone appeared as orange-black particles. The periphery of the particles were transparent and blended into orange and black at the center, as seen in sections stained for calcium (Fig. 2) . The isologous bone and heterologous bone stained uniformly black.
The sections of anorganic bone implanted for 4, 5, and 6 months stained by von Kossa showed considerable differences. The anorganic bone appeared as a transparent matrix with slight orange-black centers. In the case of smaller particles, the implant was completely transparent (Fig. 3) . The heterologous bone implants stained a uniform black but showed at their periphery a narrow band of transparency. Isologous bone stained uniform black ( Fig. 4 ).
DISCUSSION
The implantation of small particles of anorganic bone into the subcutaneous tissue of mice serves as a useful technique for studying the fate of the implant. Moreover, undecalcified sections of such implants serve to demonstrate the fate of the mineral elements.
The formation of osteoclasts did not occur in anorganic bone implants. Instead, a syncytiup of histiocytes, which resemble osteoclasts, surrounded the anorganic bone implants. Possibly, the treatment with ethylene diamine alters the remaining organic matrix, which may resist resorption. In all cases of anorganic bone implants, the matrix remained, even after all the mineral was lost. Evidently, it is this residual matrix that serves to retain the bone organ form (Fig. 5 ). The fibrovascular capsule, in addition to the histiocytes, effectively walled off implants of anorganic bone. The inorganic salts leached out of the implant into the fluid system of the capsule. No doubt, this was possible because the amount of organic matrix in anorganic bone could not effectively bind the salts in a tissue fluid medium. At no time, except during the initial implant, did salts diffuse beyond the limits of the capsule. The observation of the reduction in phosphate and the associated calcium in the implants as a function of time demonstrated mineral loss. In all the implants the loss of bone salts proceeded from the periphery. At the same time, no positive reaction for phosphate was seen in the histiocytes. The salts of implanted anorganic bone were lost by leaching out of the matrix and controlled vascular absorption within the capsule. The only changes in the capsule were an increase in collagenization associated with a reduction in cellularity (Figs. 6-8 ).
Heterologous bone implants followed essentially the same pattern as anorganic bone (Fig. 9 ). The only exceptions were an acute polymorphonuclear leukocytic infiltration associated with the heterologous bone implants. However, even with anorganic bone, slight polymorphonuclear leukocytic infiltration was seen. Resistance to resorption may be attributed to denaturation of protein due to boiling. A small amount of salts was leached out from the surface of heterologous bone, possibly as a result of hydrolyzing the cementing substance and the collagen. 1134 It seems clear that the implants caused a reaction comparable to a foreign-body reaction. The histiocytic syncytium and the capsule substantiate this interpretation. The polymorphonuclear leukocyte infiltration especially in heterologous bone also supports this interpretation. Isologous bone implants never demonstrated any loss of salts from the periphery. Howship lacunae containing giant cells suggested slow resorption of bone (Fig. 10) . In this regard, it differed from heterologous bone and anorganic bone. Like anorganic bone, only slight inflammation was induced with isologous bone. Of the three implants, heterologous bone presented the most classic picture of the foreign-body reaction. SUMMARY Forty mice were used for the subcutaneous implantation of 40-mesh anorganic bone, heterologous boiled beef bone, and isologous mouse bone. Histologic study of undecalcified bone implant from 24 hours through 6 months was done. Special stains, von Kossa for calcium phosphates and P.A.S. for mucopolysaccharides, were used.
The anorganic bone was surrounded by a cellular and vascular capsule. Histiocytes were elaborated from undifferentiated connective tissue and came into immediate surface contact and enveloped the implant.
The mineral salts of the implant leached out into the tissue fluid, because of the reduced amount of anorganic matrix capable of binding the salts in a fluid system. In time, the periphery of the implant completely lost its mineral content, while the central areas still retained some. At 6 months, some implant particles were completely free of salts; yet the matrix remained surrounded by a syncytium of histiocytes and a capsule. Rarely was a surface defect in the implant resembling Howship lacunae seen. The capsule served to control the removal of leached-out salts and to wall off the matrix from the connective tissue of the implant site. In effect, the capsule was a physiologic barrier to regulate absorption of high concentration of minerals and a histologic barrier walling off foreign protein matrix.
Isologous mouse bone and heterologous beef bone induced a reaction similar to anorganic bone. The polymorphonuclear leukocytic infiltration which accompanied heterologous bone and persisted for 6 months appeared as a classic foreign-body reaction.
It was concluded that anorganic bone did not show any bone inducing properties. Moreover, it was not resorbed over a period of 6 months and therefore did not demonstrate any osteoclastic-inductive-property.
